H ans K ronberger lived an all too short life which included periods of high drama, tragedy, joy, great achievement and ultimately despair. He had a capacity to make good friends who were always ready to help and comfort him and who gave him assistance in some of his times of personal difficulty. They did not suspect nor did his medical advisers, just how serious was the situation. Perhaps this was because his presence was stimulating and amusing and it was not easy to think of sombre matters in his presence.
414
which was in him. He started to learn English at an early age and to play the piano even earlier. This and his achievements at school must have played a part in the relationship between the two which perhaps in some ways had a greater influence on Kronberger than did his feelings for his father.
Those who knew him later in life will recall how much he appreciated and valued personal relationships. It is difficult to conceive the shock he must have felt in 1946 when he heard of the murder of his mother and his equally beloved sister at the hands of the Nazis, yet the outward signs of this were controlled.
It was in 1946 that he went from Birmingham University to Harwell but there were many events in the period between his arrival in England at the beginning of the war and his work at Harwell and later elsewhere in the atomic energy world. It was during this period that he met many of the individuals who had a great influence on his later career.
His first actions in England would have delighted his mother in that he set to work with a will to gain admission to a university ultimately to be given a place at King's College, Newcastle, in mechanical engineering. This in itself was no small achievement in that he records that his Austrian Matriculation was in Mathematics, Latin, Greek and German. If we add his abilities in music and English it still does not resemble the characteristic British approach to mechanical engineering.
Unfortunately, Kronberger was an alien and in the wartime screening he was classified in the curious style of the time as a 'friendly enemy alien' and despatched to internment first in the Isle of Man and then in Australia.
He was in good company and it is said that his knowledge of mathematics received some benefit from contact with Hermann Bondi, interned also in the Isle of Man, whereas in Australia there were sufficient professors and lecturers in the camp to maintain a modest university atmosphere with regular lectures. His upbringing and experience were admirably suitable for him to take advantage of such opportunities as were available.
On returning to King's College in 1944, Hans turned to physics, taking a wartime honours degree of B.Sc. in 1944 with the Stroud Prize in Physics and then joining F. E. Simon's team in the Tube Alloys Project to work on isotope separation.
It must have been a great experience for a young man to be brought into a group such as that which had been assembled by Simon. Certainly Simon himself and others like Nicholas Kurti had an influence on Kronberger, who was based on Birmingham University with, among others, H. S. Arms and Heinz London. Arms was later to persuade Kronberger to leave Harwell to join in industrial atomic energy development at Capenhurst and Heinz London probably commanded the greatest respect of anyone in Kronberger's scientific thoughts. Both remained his life-long friends.
Dr Arms has been kind enough to write about the circumstances in the Birmingham laboratory when staff were transferred to it from the Claren don Laboratory. It was a time when the Government had decided not to proceed immediately with the construction of a diffusion plant for the separation of uranium isotopes. This might have been depressing but instead it gave the staff an opportunity to experiment with many alternative methods of isotope separation. Arms and Kronberger were able to make studies on thermal diffusion in liquid uranium hexafluoride using the theoretical basis of Frisch's calculations of the properties of the liquid. The work clearly had many ups and downs, none of which ever succeeded in suppressing Kronberger's delight in the conduct of imaginative laboratory experiments.
It was at this time that the association between Kronberger and Heinz London began to develop, starting with the separation of carbon-13. To gether they made a powerful team, both with a complete grasp of the theoretical advantages and disadvantages of the different methods of isotope separation. London had a fine feeling for the most suitable design of an experiment but Kronberger had a gift for converting a theoretical design into thoroughly practical hardware. Their qualities were in good measure complementary and each had a high regard for the qualities of the other.
During 1946 both transferred to Harwell to work in the General Physics Division where Kronberger remained until 1951 when he transferred to the Capenhurst Laboratory of the Division of Atomic Energy (Production).
Mrs Lucie London has been good enough to tell something of the relation ship which existed between her husband and Kronberger. It is clear that their minds were on the same wavelength and their temperaments were complementary. Much of the direct contact between them was in the laboratory and no doubt conducted in German only for the ultimate emerg ence of a communique or report, short and clear in English.
In addition to this scientific contact, there were, of course, social contacts. Twenty years later when Heinz London was dying and Hans Kronberger must have been near to despair they met and spoke in a relaxed and even in a light hearted manner of some of their early experiences, yet at the moment of their meeting, Hans had been in tears for his old friend.
It is worth recalling Kronberger's words to Lucie London as they are given in Shoenberg's Memoir of London. Hans wrote 'It was good to see how much he enjoyed the few hours we had together and after the first few minutes I nearly forgot that he was a dying man-engaged in the same kind of dis cussion we used to have over the last twenty five years-in fact his wonderful sense of humour had hardly been affected-in those last few hours we laughed about quite a few things'.
It was true, he could find wit and humour to mix with his sympathy and understanding.
At Harwell, he met Joan Hanson and married her in 1951. Her first marriage had had a duration of only 18 months when her husband was killed in a climbing accident leaving her with a small son. Joan and Hans had common interests in music and in mountains but the latter had to be restricted in deference to her feelings on the death of her first husband and 416 Hans found some relief instead in fell walking on his visits to Windscale in Cumberland and in the hills of North Wales.
It was after only a year that it was recognized that Joan had a brain cancer which would eventually kill her. She was well aware of the circumstances and how it would affect her and she bore her progressive disablement for ten years and through three major brain operations with courage and even light heartedness. It was inspiring in a way but it was bound to have an effect on the entire family. Even so in the better periods of those ten years, it could be a happy experience to spend an afternoon with them and their children.
In his early years at Capenhurst, the work of the laboratory had a great urgency and relevance to the construction of the gaseous diffusion plant for the separation of uranium-235 and his work occupied a great deal of his time. However, when Joan was with him and before her illness finally took control he found great happiness in his marriage and in his feeling for her son as well as for his own two children.
He learnt, too, of the regard in which he was held by those around him. Obviously, he spent a great amount of time with his wife, in hospital visits, and in his attention to his children. The strain might well have proved in supportable if he had not received all possible help from his colleagues and friends. That and his work enabled him to carry on.
Kronberger had succeeded to the post of Director, Research and Develop ment in the Industrial Group of the Atomic Energy Authority in 1958 and although he was happy to take the post it was more difficult for him and less congenial than his former work as Head of the Gapenhurst Laboratory. He was a member of the Group Board of Management and later when the Group was divided he became Deputy Managing Director for Development. Soon after his wife's death he became Scientist in Chief of the Reactor Group.
This succession of appointments was one of essentially administrative posts in which he relied to some considerable degree on his experience and intuitive skills. With the base of his home life gone he found some loneliness which was not relieved by his travelling on duty. In some ways it made things worse since he could give less attention to his children.
It is difficult to reconcile the picture of a staid administrator with the extrovert experimentalist of whom many people speak. There is a story that as a small boy in Linz he attempted an early experiment in rocket propulsion of a toy boat. The experiment was too successful and the boat disappeared into the distance never to be recovered.
He liked the spectacular demonstration and to impress on staff at Harwell the dangers of using organic substances and liquid oxygen in freezing mixtures he detonated a half full thermos flask of a suitable mixture in a convenient ditch near the establishment. The result was sufficiently con vincing to bring out the security and safety services at full strength.
On another occasion he discovered a boomerang in the hotel where a group of the research staff were having lunch and persuaded the owner that it needed scientific study. One of the early throws lodged the weapon high in a tree from which he was able to rescue it and he soon had the return flight well under control to the discomfort of his colleagues who quickly took cover. The experiment was concluded by a short discussion on the aerodynamics of the boomerang and the possibilities for improvement through the use of more modern materials of construction.
All his friends will recall similar events and they indicate a happy side to his character and although they do not fit the role of administrator it would be wrong to underestimate his contributions in the period from 1958 onwards.
It was a time of extensive development of a number of reactor systems notably the Dounreay Fast Breeder Reactor (DFBR) and the Windscale Advanced Gas Cooled Reactor (WAGR). He inherited the idea that the WAGR would use a fuel clad in beryllium and this proved to be mistaken to the extent that ultimately a stainless steel was substituted. One could argue that a decision to abandon beryllium could have been made earlier.
Additionally, there were a number of problems in the use of graphite as moderator in this reactor, notably the corrosion of graphite in the reactor core. In retrospect, one might say that the research on this subject was less penetrating than might have been expected but again the circumstances were such that an ad hoc solution was urgently needed.
W hat can be said is that Kronberger's scientific quality and integrity were crucial to the process of taking the final decisions on these developments and on other matters such as the production and processing of ceramic fuels for these and other reactor systems.
The effect on his colleagues was still very great. His appointment as a Member of the Atomic Energy Authority in 1969 was a just recognition of his standing as a nuclear technologist but it did not make things easier for him. In retrospect, one might feel that his happiest period was when leader of a team of like minded scientists who were clear what their objectives were. It is as such a leader that his work should be judged.
Work
Kronberger's scientific reputation rests primarily on his continuous research and development of methods for the large scale separation of iso topes. His range of interests extended from the separation of hydrogen, helium and lithium isotopes at one extreme to the heavy elements including uranium, especially, at the other extreme. He was able to recognize im mediately the requirements for any particular separation but more than that, from his experience over 25 years, he was familiar with the engineering problems which might be expected. It is doubtful if anyone in the world could match his balance of theoretical and practical knowledge and this was invaluable in the building of the main gaseous diffusion plant at Capenhurst.
It is interesting to see also that his later work on the gas centrifuge as a possible replacement at the present time for the diffusion method is an ex tension of and a return to his early interest in the ultra-centrifuge which was one of the more interesting and difficult projects of his early career at Harwell. In between these two periods, although much time was taken up by the gaseous diffusion processes he had experimented with exchange, thermal diffusion and electromagnetic methods.
A remarkable feature of his work was the energy he provided personally in the search for information and results. It was quite typical that, on an occasion when additional mass-spectrometers were needed and were un obtainable, he designed and built the instruments in the laboratory and to meet his own special needs. On another occasion he wanted some schlieren observations and finding no suitable mirrors available he visited Liverpool, bought the glass from two portholes and ground and prepared the surfaces to meet his needs over a long weekend.
All those who knew his work will recall similar instances. Isotope separation, is, of course, now very important commercially and previously and even today is secret for both commercial and defence reasons. Unfortunately, this has resulted in much of Kronberger's work being un published. A good deal is not even recorded in such official reports as are available and in consequence much has to be inferred or deduced from the few publications which have been made available. Many of these are not in Kronberger's own name since he had a becoming modesty and often insisted on his colleagues and associates taking the main credit for work to which he had contributed much of the basic science and the main ideas. Part of the process was to insist that his subordinates write up the complete reports but the writing had to be of a high standard before the report would be issued by him.
The early work carried on in Birmingham for his Ph.D. thesis was his introduction to isotope separation. The first investigation has been mentioned earlier and was concerned with the possibility of separating uranium isotopes by thermal diffusion. At that time it was known that the ClusiusDickel hot wire column gave negligible separation using UF6 gas, but that in the United States some success had been achieved by carrying out thermal diffusion in the liquid U F6. Simon suggested that thermal diffusion above the critical point of U F6 might give better results. Kronberger built and operated a thermal diffusion column with U F6 at 1200 lbf/in2 ( « 8MPa) pressure and at 400 °G with a diffusion gap of 0.006 in over 4 ft (0.15 mm over 1.2 m). With the state of knowledge and the experience of U F6 technology at that time, this experiment was considered a major feat. However, although some separation was achieved, the low separation factor and the high power consumption ruled out the method for larger scale production.
During that time, incidentally, Kronberger developed a very sensitive mass flowmeter for corrosive gases, based on the Blackett and Rideal method of measuring specific heat. This instrument, carrying his name, is still used in laboratories and industries in various parts of the world.
The move to Harwell from Birmingham took place in 1946 and continued the association with Heinz London which Kronberger valued so much.
Work was started on the separation of carbon-13 and oxygen-18 by low temperature distillation. Kronberger's contribution together with his earlier work on uranium separation at Birmingham was included in his Ph.D. submission in 1948. He determined the vapour pressures of a series of isotopic compounds and ran a pilot column in which he demonstrated the advantage of using the low temperature distillation of carbon monoxide for the separation of 13C. It was Kronberger's suggestion to use for isotope separation columns, the Dixon wire gauze packing which had been developed by I.C .I. although it was later found that Professor Dostrovsky of Bangor had proposed the same method about the same time, unknown to Kronberger. This column packing has since been used in most isotope separating columns in operation throughout the world.
The period from 1948 to 1951 when he left Harwell for Capenhurst was one devoted to the separation of uranium isotopes by the use of the ultra centrifuge. Not a great deal has been recorded or published on this work but from conversation it was clear that Kronberger always retained memories of the excitement and achievements of that period. It gave him great pleasure and satisfaction to return to the study of the centrifuge processes later.
His work started from developments in Germany and at the General Electric Company. He built and operated centrifuges running consistently with uranium hexafluoride at speeds of over 450 m/s. He solved a large number of technological problems but some remained when the decision was taken to build the gaseous diffusion plant at Capenhurst and the centrifuge project was terminated. Incidentally he invented at that time an infra-red pyrometer of novel design for measuring within a fraction of a degree the temperature of a rotating centrifuge. This instrument is used in its original form in the revived centrifuge project and works well. It was one of a number of inventions which he made in his period at Harwell.
There are many personal reminiscences of Kronberger's personality and Sir Brian Flowers in his Address at the Memorial Service held on 26 October 1970 recalls that it was at this period in his Harwell work that Hans spent some time at the Battersea Fun Fair to ride on the 'spinning wheel' and find out how it felt to be a molecule in a centrifuge.
It was on leaving Harwell for Capenhurst that his main contribution to the technology of isotope separation was made. Initially he served under Arms as research manager of the laboratory which had been established for the development of the components which were to be built into the diffusion plant. He later became Flead of the Laboratories and he continued to super vise the entire development programme after he left the Laboratory to become Deputy Director of the whole research and development programme of the Industrial Group of the Atomic Energy Authority.
No doubt, the decision to adopt the diffusion process as the means to be used for the separation of uranium-235 was in part based on the knowledge that it was being used successfully in the U.S.A., but, unfortunately, the decision was taken at a time when the flow of information between the two countries was almost completely stopped. No information of value was forth coming and development had to be carried forward in an atmosphere of great urgency to meet defence commitments.
The details of the process and more particularly the details of the plant components are still not available for publication but it is clear that studies of gas kinetics, surface chemistry, dynamics of gas bearings and instrumenta tion were areas where Kronberger made great personal contributions. He also made studies on the design theory of diffusion plant stages and made important suggestions for improvement in the performance of the plant as a result.
Some indication of the quality of work in the field of mechanical engineer ing can be obtained from the series of papers published by some of the staff of the Laboratory usually including the name of Dr S. Whitley. One group of papers relates to the load carrying capacity of hydrodynamic gas journal bearings and to the phenomenon of half-speed whirl which imposes a limitation on their use and together they provide a complete background to the use of gas bearings. The theoretical accounts can be used to provide designs for anti-whirl devices or for thrust plates and it is not difficult to see how such bearings can be built and used in practice.
Kronberger's name does not appear on the publications but from personal knowledge I can say that he was the inspiration of the group which included many others whose names are not declared. They included those who could lap and polish the components of the experimental devices and who could assemble the complicated pieces better than many precision engineers. It was a group of experimental and theoretical engineers, physicists, and chemists and mathematicians but augmented by the practical production engineer, mechanic and technician.
O f course, gas lubricated bearings were only one type of bearing amongst many and similarly bearings were only one component among many in cluding valves, membranes and controls. Little can be said of much of his work but, for instance, Kronberger devised an extremely effective balancing machine for use in the bearing studies. It is obvious that such equipment is necessary in such fine work and with the exceptionally delicate experiments which were being conducted. His instinctive flair for engineering and his feeling for simplicity were implicit in the design. Both the balancing tech niques and the ability to assemble complicated equipment were invaluable to the engineers assembling the final diffusion plant prior to commissioning.
He was equally effective in the studies of membrane efficiency and in valve design and invaluable in the training exercises to organise completely non-technical people into operators of complicated devices such as mass spectrometers for control purposes in the plant.
It is a pity that much of the detail will have to remain unrecorded. The Capenhurst works and the laboratory were used for the separation of isotopes of elements other than uranium. The earlier work with London on carbon-13 had formed the basis of the production column which operated successfully for many years at Harwell and Kronberger set up a number of other small scale production units when he moved to Capenhurst. Examples which could be quoted would be separation of lithium, boron and hydrogen isotopes.
In the case of boron-10 a requirement arose for a supply of 5 kilogrammes to be available within a year. Kronberger rejected the chemical exchange method on which work had been done for many years in the U.S.A. and at Harwell, and decided that in order to guarantee the performance of a plant, low temperature distillation of BF3 should be used. The only information available at that time was a few vapour pressure data stemming from work in the U.S.S.R. Under Kronberger's guidance a large boron-10 distillation plant for an output of 15 kilogrammes per year was constructed with develop ment proceeding at the same time. This plant operated successfully and 5 kilogrammes of boron-10 were produced before the date required.
Again, an urgent demand for the separation of quantities of tritium from hydrogen arose which Kronberger met by constructing thermal diffusion columns. The radioactivity of this material presented a special problem. A novel feature was the use, proposed by him, of a sound velocity method of determining the tritium/hydrogen isotope ratio. He gave a great deal of attention to the problem of obtaining adequate supplies of heavy water and the reports he prepared on the alternative methods could have simplified the process of selecting a preferred route. Unfortunately the separation of heavy water was not put in hand on a large scale and he could not put his conclu sions to the test.
However, perhaps the separation of lithium-6 and litliium-7 fascinated him most. Part of his enthusiasm arose from the feeling which metallurgists sometimes feel of satisfaction with a metallurgical process. Hans needed to produce fairly large specimens of high purity lithium and successfully carried out the purification and casting of suitable ingots in equipment built in the laboratory.
As in the case of boron-10 separation, he rejected the process of molecular distillation which had been proposed by H. London and which after two years of hard work at Harwell had given little indication of success. K ron berger took on the job and using a different type of separation unit, a new plant was built and successfully operated against a tight time schedule. As a sidelight on this performance, he had also recommended that a second plant based on a different principle should be built in case of failure of the first. This was done and it, too, operated successfully.
Lithium isotopes interested him because of the proportionately large atomic mass difference between lithium-6 and litliium-7. He had available as a result of his work larger quantities of the isotopes than other people and he proposed a number of investigations for studying the dependence of physical properties on isotopic composition. He proposed to investigate the low temperature thermal conductivity of lithium fluoride. It had been known for a long time that the low temperature thermal conductivity of natural LiF was not as low as predicted by theory and Kronberger suggested that this might be due to the fact that one of the isotopes would act as an impurity with respect to the other, and act as a scatterer for phonons.
He discussed this with Simon who drew his attention to theoretical work related to this which was in progress at Cambridge. Subsequently, a joint project was mounted between Cambridge, Oxford and Capenhurst with thermal conductivity measurements on pure 6LiF, 7LiF, and on mixtures being carried out at Capenhurst. The results demonstrated strikingly the high thermal conductivity of the isotopically pure fluoride in good agree ment with theory; the reduction of thermal conductivity for various mixtures followed well the theory proposed by Ziman. A paper on this was published in the Proceedings of the Royal S o c i e t y , A 253, 403-419, 19 given to Kronberger's original proposal.
There is little doubt that had he been able to remain closely associated with his laboratory he would have found many similar outlets for his energies as the pressure of engineering development grew less. This was not to be for he was already being diverted to management responsibilities where his professional skills were to be tested in fields other than isotope separation and notably in reactor development.
The more important reactor projects for which he had substantial de velopment responsibility were the Windscale Advanced Gas Cooled Reactor and the Dounreay Fast Breeder Reactor which have already been mentioned, the Steam Generating Heavy Water Reactor and the derivatives from them. These were cases where Kronberger's ability to lead and inspire a team were used to the full. He was a genuine leader in the physics and engineering of reactors and if he had a weakness it was in his understanding of materials. Even in the case of metallurgical problems, however, it is true to say that he had a feeling for the physics of the subject and only lacked experience of practical problems. Some of this experience he was acquiring through the work of his laboratories and it will be recalled that he gave a lecture to the Royal Society on 'Hydrostatic extrusion'. Much of the work on which he reported was carried out by the staff of his laboratories but there is little doubt of his contribution to the enthusiasm and the engineering ingenuity of the enterprise.
One ought not to exaggerate this inexperience in materials science. Fie recognized the situation himself and also that he might have to extend his knowledge from time to time to help in forming a conclusion. Some materials were easier to him than others; for instance, graphite was more readily understood than steel but he recognized the situation perfectly and would persist in long and difficult discussions with accepted experts until he was satisfied that his understanding was adequate. Alan Cottrell recalls such a discussion on brittle fracture and the delight Hans felt when he saw why the same steel could be brittle in thick sections and ductile in thin ones.
He was perhaps the leading figure in nuclear processes for the desalination of water and became the leading international spokesman on the subject. The probability is that he saw the great possibility of fresh water coming to the desert lands but this was not to be accomplished. Although Kronberger inevitably tends to be associated with nuclear methods of desalting he had a wider approach than this and saw that different circumstances would require different techniques, many of which he studied.
The role of spokesman for British nuclear technology was one he dis charged admirably probably because of his personal charm and inherent abilities. He was willing to discuss scientific issues with almost anyone, although mainly he questioned and listened in fields where he had little special knowledge.
The part Kronberger played in international affairs was notable and its success derived from the strength of his scientific background. He served as a member of the United Nations Scientific Advisory Committee, and of the Advisory Committee of the International Atomic Energy Agency in Vienna. He was particularly happy to return to Austria and would have enjoyed a return to Geneva for the Fourth Conference on the Peaceful Uses of Atomic Energy, in the organization of which he played a prominent part, up to the time of his death.
Honours He did not spare himself in his duties and he found his travels a greater strain than his scientific work. Mrs London recalls a visit Kronberger paid to her husband when he was near to death and how Hans spoke to her afterwards against ambition, the difficulty of bearing finality and how tired he was. There was much of the man in a few sentences.
Perhaps the Leverhulme Medal citation with its reference to outstanding leadership is a fitting tribute to his personal achievements. It was derived from the breadth of his scientific understanding, real technological achieve ment, gaiety and wit, humanity and culture but most of all from his un bounded energy and enthusiasm. He was a unique figure and served the country well.
In preparing this memoir I have drawn on his own notes and my own recollections as far as possible. I gratefully acknowledge the communications I have received from a number of people, particularly Dr H. S. Arms, Sir Brian Flowers, Mrs Lucie London and Miss V. Griffin.
The photograph is by Walter Bird.
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